Context. Narrow-line Seyfert 1 (NLS1) galaxies are a class of active galactic nuclei ( AGN) that have all the properties of type 1 Seyfert galaxies but show peculiar characteristics, including the narrowest Balmer lines, strongest Fe II emission, and extreme properties in the X-rays. Line and continuum radio observations provide an optimal tool to access the (often) optically obscured innermost regions of AGN and reveal the kinematics of the gas around their central engines. Aims. We investigate the interplay between the peculiar NLS1 class of AGN and the maser phenomenon, to help us understand the nature of the maser emission in some NLS1s where water maser emission has been detected. Methods. We observed a sample of NLS1 galaxies with the Green Bank Telescope in a search for water maser emission at 22 GHz. We also reduced and analysed archival Green Bank Telescope and Very Large Array data and produced 22-GHz spectra for the five NLS1 galaxies with detected maser emission. In particular, we imaged the maser and nuclear radio continuum of NGC 5506 at subarcsec scales with the Very Large Array. Results. We discovered maser emission in two NLS1 galaxies: IGR J16385-2057, and IRAS 03450+0055. In addition to the three previously known maser detections in the NLS1s Mrk 766, NGC 4051, and NGC 5506, this yields a water maser detection rate in NLS1 galaxies of ∼ 7% (5/71). This value rises significantly to ∼ 21% (5/24) when considering only NLS1 galaxies at recessional velocities less than 10000 km s −1 . For NGC 4051 and NGC 5506, we find that the water maser emission is located within 5 and 12 pc, respectively, of nuclear radio continuum knots, which are interpreted as core-jet structures. Conclusions. The water maser detection rate in NLS1s is surprisingly high, much higher than the detection rate obtained for type 1 AGN and similar to those in Seyfert 2 and low-ionization nuclear emission-line region galaxies. The masers in NGC 4051 and NGC 5506 are nuclear and associated with the AGN, either with an accretion disk, a radio jet, or a nuclear outflow. The apparent lack of high-velocity maser features and evidence, recently reported, of radiative outflows and radio jets in the host galaxies seems to favour interpretation as a jet or an outflow. A similar association is also seemingly true for the maser in Mrk 766, IGR J16385-2057, and IRAS 03450+0055, although, in these cases, without radio interferometric measurements we cannot rule out an off-nuclear origin of the emission.
Introduction
According to the widely accepted unified model of active galactic nuclei (AGN; e.g., Antonucci 1993 , Urry & Padovani 1995 , in their very centres there is a supermassive black hole surrounded by a parsec-scale accretion disk. The disk emits intensely in the ultraviolet (UV) and soft X-ray wavelengths. A torus (or a thick disk) of atomic and molecular gas, with a size of 1-100 pc, surrounds the accretion disk and obscures the optical and UV emission along certain directions. Therefore, depending on the line of sight, the object appears as either a type 1 or type 2 AGN. In type 1 AGN, the accretion disk and black hole are viewed through the hole in the torus, while in type 2 AGN they are obscured by the torus.
Narrow-line Seyfert 1 (NLS1) galaxies have attracted particular attention. While Seyfert 2's are active galaxies with narrow Send offprint requests to: A. Tarchi ⋆ Table 1 is only available in electronic form at http://www.aanda.org emission-line optical spectra, NLS1s have the broad emissionline optical spectra of type 1 Seyfert galaxies, but with the narrowest Balmer lines from the broad line region and the strongest Fe II emission (e.g., Osterbrock 1989 , Véron-Cetty et al. 2001 . Extreme properties are also observed in X-rays, such as a strong soft excess emission below 1 keV and rapid flux variability, accompanied by steeper photon indices with respect to (w.r.t.) Seyfert 1 (Sy 1) galaxies (e.g., Leighly et al. 1999 , Gallo et al. 2004 ). The complex X-ray spectra often display signs of cold and ionized absorption, a partial covering of material along the line of sight, and/or (relativistic) reflection components from the inner side of the accretion disk (see Komossa 2008 for a review). Because of its extreme and ambiguous characteristics, this class of AGN seems to challenge the Unified Model, hence deserves a more detailed investigation.
Fundamental studies of the central regions of AGN are complicated by the extremely small scales and complex structures of the nuclear components. Furthermore, in type 2 AGN in par-ticular, the inner regions are often obscured at optical and UV wavelengths. Observations at infrared (IR, the band where most of the nuclear radiation absorbed by the torus is re-emitted), Xray, and radio frequencies can, however, access these obscured regions. In particular, at radio wavelengths, water maser studies are a unique tool for investigating the structure and kinematics of the gas close to the black holes.
Most extragalactic H 2 O masers are associated with AGN, where they have been related to three distinct phenomena. The first is that they may form directly in the nuclear accretion disk, where they can be used to trace the disk geometry and rotation velocities, and may reveal the enclosed nuclear mass (e. g. Kuo et al. 2011) . In some cases, they are also being used to measure accurate distances to their host galaxies (for the most recent case of UGC 3789, see Braatz et al. 2010) . Secondly, they are associated with radio jets, where they are either the result of an interaction between the jet(s) and a molecular cloud or a coincidental overlap along the line of sight between a warm, dense molecular cloud and the radio continuum of the jet (NGC 1052: e. g. Sawada-Satoh et al. 2008 ; NGC 1068: e. g. Gallimore et al. 2001; Mrk 348: e. g. Peck et al. 2003) , hence provide important information about the evolution of jets and their hotspots. Thirdly, they are associated with nuclear outflows, tracing the velocity and geometry of nuclear winds, as in the case of Circinus (Greenhill et al. 2003) .
So far, more than 3000 galaxies have been searched for water maser emission and detections have been obtained in about 150 of them (Braatz et al., in prep) , the majority being Seyfert 2 (Sy 2) galaxies. In this paper, we report the results of a new Green Bank Telescope (GBT) survey to search for water maser emission in objects belonging to the NLS1 class of galaxies and, by analysing the main characteristics and line features of the 5 NLS1 galaxies where water maser emission has been detected in the present and past surveys, we discuss the relation between the maser phenomenon and NLS1 galaxies in the framework of the unified scheme of AGN. Between Feb. 5 and Feb. 12, 2011 , we used the GBT 1 to observe a sample of 52 NLS1 galaxies taken from the list of Véron-Cetty et al. 2001 in a search for 22 GHz water maser emission. We used the dual beam 18-22 GHz receiver in a total power nod mode, keeping one of the two beams on source during integration. The spectrometer was configured with two 200 MHz IFs. The first spectral window was centred on the systemic recession velocity of the target galaxy and the second was offset by 180 MHz to the red, giving a total coverage of 380 MHz (5100 km s −1 ). In our analysis we also incorporate archival GBT observations of masers in the NLS1 galaxies Mrk 766 (NGC 4253), NGC 4051, NGC 5506, and IGR J16385-2057 (hereafter IGR J16385). These observations were made with the same setup that we used for our survey.
Observations and data reduction
We retrieved archival Very Large Array (VLA) 1 observations of the water maser line for both NGC 4051 and NGC 5506. For NGC 4051, A-array configuration data were available (project #AH812, observed in July 2007), while for NGC 5506 the observations were performed in both DnC and A configurations (project #AB741, observed in Feb. 1995, and project #AB859, observed in Apr. 1998, respectively) . We also incorporate broad-band VLA A-array 22-GHz continuum data of NGC 5506 (project #AC524, observed in Jun. 2003) . In addition, again from the NRAO archive, we retrieved A-array X-band continuum data for Mrk 766 (project #AM384, observed in Jan. 1993) .
The GBT and VLA data were reduced and analysed using the Green Bank Telescope Interactive Data Language (GBTIDL; for a detailed description on the procedures adopted, see Braatz et al. 2010) and Astronomical Image Processing System (AIPS) packages, respectively. We generated images of the VLA water maser spectra of NGC 4051 and NGC 5506 using the Continuum and Line Analysis Single-dish Software (CLASS), a package implemented in the Grenoble Image and Line Data Analysis Software (GILDAS).
Results
In Table 1 , we report the results of our GBT search for water masers in the 52 NLS1 galaxies taken from Véron-Cetty et al. (2001) . From this sample, we detected one galaxy, IRAS 03450+0055 (hereafter IRAS 03450; Fig. 1 ). We also present GBT maser spectra in four other NLS1 galaxies (Fig. 1) . For NGC 4051 and NGC 5506, the masers were initially reported by Hagiwara et al. (2003) and Braatz et al. (1994) , respectively. The maser in Mrk 766 was discovered by the Megamaser Cosmology project 2 and the maser in IGR J16385 was discovered as part of our companion survey.
The single-dish spectra of all five detections display little or no evidence of high-velocity lines (Fig. 1) . The spectra of NGC 4051 and NGC 5506 show multiple components, clustered near the systemic velocity. Multiple maser components may also be present in IGR J16385 just above the detection limit. The spectra of Mrk 766 and IRAS 03450 contain instead a single, relatively broad feature blue-shifted w.r.t. the systemic velocity.
The main parameters of the maser lines, together with some relevant characteristics of the five host galaxies, are summarized in Table 2 . Figure 2 (upper panel) displays the H 2 O maser spectrum of NGC 4051 observed with the VLA A-array. The spectrum is consistent with that of Hagiwara (2007) and consists of several features spanning a velocity range of ∼ 120 km s −1 . The emission arises from an unresolved spot with coordinates RA J2000 = 12h03m09. s 61, Dec. J2000 = +44d31'52. ′′ 7. The absolute position uncertainty is 0.1", dominated by the position accuracy of the phase calibrator (e.g. see Tarchi et al. 2011 and references therein) . ′′ 3. Owing to the relatively coarse resolution, the uncertainty in this case is dominated by the statistical errors that can be estimated by the synthesized beam size divided by the signal-tonoise ratio (for details, see Hagiwara et al. 2001) . The location of the water maser emission derived from the A-array measurements is consistent with that of the DnC array (RA J2000 = 14 h 13 m 14. s 87, Dec J2000 = -03
• 12 ′ 27. ′′ 8. In this case, the observation was made with the VLA A-array and the position accuracy is 0. A-array measurement was too narrow to cover all of the maser lines. In addition, no line-free channels were present in the spectrum, making it impossible for us to properly subtract the continuum and differentiate the contribution of the continuum emission from that of the line. However, from the similarities with the same portion of spectrum in the DnC data (in particular the feature at V ≈ 1820 km s −1 ; Fig. 2 ), we are confident that the detected emission throughout the band is dominated by the water maser in NGC 5506 and its location is therefore reliable.
Discussion

The water maser detection rate in NLS1 galaxies
Identifying water maser emission associated with Sy 2 galaxies is not particularly surprising, given that the unified scheme for AGN requires an obscuring structure, which is probably an edgeon disk or torus, along the line of sight towards the nucleus of VLA spectra of the maser emission in NGC 5506, taken with the VLA DnC (solid line) and A (dashed line) arrays, respectively. Given the narrow band used in the VLA A-array measurements, no line-free channels were present. Hence, the spectrum shown is most likely the portion of maser emission in that velocity range plus a small amount of continuum emission. The zero-flux density line has been added to help visualize this aspect. a type 2 AGN. This structure can provide a molecular reservoir and the amplification paths necessary for maser action. The relation between a type 1 Seyfert and the maser phenomenon is less obvious. According to the same paradigm, in type 1 objects, accretion disks and/or tori, if present at all, should be orientated face-on, making them less likely to produce detectable maser emission. Accordingly, out of the 150 water maser sources detected so far, maser emission has been detected in only very few type 1 Seyfert galaxies. Interestingly, two galaxies among these are classified as NLS1s: NGC 4051 and NGC 5506. In view of the above considerations, the association between water maser emission and the NLS1 classification is clearly intriguing. We searched for water maser emission with the GBT in a sample of 17 Seyfert galaxies (classified by Masetti et al. 2008 ) discovered by INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL) as sources of hard X-rays between 20 and 40 keV (Bird et al. 2010) . We detected water maser emission in one object ( Fig. 1) , IGR J16385. Interestingly, this was the only NLS1 in the sample (Masetti et al. 2008) . Further details on a statistical study of this campaign will be presented elsewhere (Castangia et al. in prep) .
Galaxy classifications are taken from Véron-Cetty & Véron (2010), with the exception of NGC 5506, which was (re)classified by Nagar et al. (2002) using near-IR spectroscopy. Nagar et al. detected the permitted OI λ1.1287 µm line (with full width at half maximum < 2000 km s −1 ) and the "1 micron Fe II" lines to identify the galaxy as a NLS1. Their finding raises the important issue that other galaxies may be misclassified, depending on the quality and type of spectral information available. In principle, according to Nagar et al. (2002) , other X-ray bright and highly variable "type 2" Seyferts, such as NGC 5506, may actually be partially obscured NLS1s. This is just a cautionary note that needs to be kept in mind when dealing with studies similar to the one proposed here.
Including all past surveys (Braatz et al. in prep) and our new detections in IGR J16385 and IRAS 03450, a total of 71 NLS1 have been searched for water maser lines with five successful detections (Table 1 ). This yields a detection rate of ∼ 7%, which is comparable to the global rates of AGN surveys (e. g. Braatz et al. 1997) . While this result is surprising, the maser detection rate in NLS1s becomes even more impressive when we consider a volume-limited sample that somewhat minimizes the limitation in sensitivity of the survey(s). When considering only NLS1 galaxies at recessional velocities less than 10000 km s −1 , the detection rate goes up dramatically to ∼ 21 % (5/24). This value approaches the highest detection rates ever obtained for similarly volume-limited samples, in any class of AGN. For example, the most prolific class of AGN, the Sy 2 galaxies, have detection rates of up to ∼ 20%, while in 'pure' Sy 1 galaxies the percentage of water maser detections never exceeds 1% (e. g. Braatz et al. 2004; Bennert et al. (2009); Zhang et al. (2010) ; Ramolla et al. 2011 ).
The origin of water maser emission in NLS1 galaxies
Water masers associated with an AGN accretion disk exhibit a typical spectrum with three distinct groups of features. One "cluster" of lines is found at the recessional velocity of the galaxy, while the other two are blueshifted and redshifted by hundreds of km s −1 (e.g., for NGC 4258: Miyoshi et al. 1995 ; for UGC 3789: Braatz et al. 2010) . Water masers associated with radio jets (like in M 51, NGC 1068, Mrk 348, and NGC 1052) instead show single, broad (with linewidths of ∼ 100 km/s) maser lines offset from the systemic velocity of the host galaxies (e.g., see Lo 2005 and references therein). In the Circinus galaxy, the only object where some of the maser emission has been confidently associated with a nuclear outflow, the maser features associated with the outflow have relatively narrower widths (a few km s −1 ), while line velocities are again found to be both red-and blue-shifted w.r.t the systemic velocity (Greenhill et al. 2003) .
The characteristics of the maser lines found in NLS1 galaxies (Sect. 3) and, in particular, the lack of clear evidence for high-velocity lines (Fig. 1) suggests that masers in NLS1s differ from the disk masers in classic Sy 2, perhaps being associated with jets and/or nuclear outflows. However, it has to be kept in mind that the maser lines associated with jets, especially in Mrk 348 and NGC 1052, are typically (much) broader than those in NLS1s (100 vs. 10 km s −1 ). In addition, the displacements of the line velocities from the systemic velocity in jet-maser galaxies are larger than those in NLS1s (120-150 vs 40-80 km s −1 ) and all towards the red, with the only exception of NGC 1068 (Gallimore et al. 2001) . Detailed studies of each case are thus necessary to unveil the origin of the maser emission in the five NLS1 targets of this work.
There are presently only two maser NLS1 galaxies with available interferometric measurements of both the radio continuum (with Very Long Baseline Interferometry; VLBI) and the maser emission (with the VLA): NGC 4051 and NGC 5506. For both galaxies, the nuclear radio continuum emission is resolved into compact knots that can be interpreted as core-jet structures (Giroletti & Panessa 2009, for NGC 4051; Middelberg et al. 2004, for NGC 5506) .
In the following, we consider, in detail for these two galaxies, the association of the maser emission with either accretion disks, jets, or outflows and we investigate the main characteristics of the five maser spectra found in NLS1s and their host galaxies to more tightly constrain the nature of the maser emission. The investigation of these five cases constitute a first attempt to understand the possible relation between NLS1 objects and the maser phenomenon.
NGC 4051
The nuclear radio source detected at both 1.6 and 5 GHz with the European VLBI Network (EVN) by Giroletti & Panessa (2009) is most easily described in terms of a jet-base/outflow phenomenon. The detection by Giroletti & Panessa of three aligned sub-millijansky components in NGC 4051 suggests an ejection process. In particular, the position of the EVN radio core is coincident with that derived for the H 2 O maser by Hagiwara (2007) and ourselves, within 0.
′′ 1 (Sect. 3), corresponding to 5 pc at the distance of NGC 4051 (Fig. 3) . This suggests that the water maser emission arises from a molecular disk or from a nuclear jet/wind associated with the brightest radio continuum knot. This latter option seems to be consistent with the existence of a weak, relatively extended (∼ 60 pc) jet in NGC 4051 (Jones et al. 2011 , and Maitra et al. 2011 ) and a shocked outflow Vaughan et al. 2011 ). In addition, the single-dish maser spectrum of NGC 4051 is somewhat reminiscent of that in Circinus where some of the maser emission is associated with a nuclear outflow (Greenhill et al. 2003 ).
An alternative naïve interpretation: While the jet/outflow association of the maser emission is indeed the most likely option, a speculative interpretation of the maser spectrum shown in Fig. 1 can be made in terms of an accretion disk maser. The maser spectrum could be described by three main peaks at velocities of ∼ 670, 720, and 770 km s −1 (see Fig. 1 ) roughly centred on the systemic velocity. The system thus resembles the triple peak profile of accretion disk masers, albeit with much lower velocity offsets. The 'triple-peak profile' is also somewhat confirmed by the VLA A-array spectrum taken at a different epoch (Fig. 2) . In this scenario, we would obtain a rotation velocity of From Uttley et al. (2004) , we obtain M BH = 5 × 10 5 M ⊙ as the mass of the nuclear engine (Table 2) . Combining these two parameters and assuming Keplerian rotation (as in NGC 4258), this yields an angular size of 18 · (sin −2 i) mas (see Tarchi et al. 2007 for details on a similar calculation), corresponding to a galactocentric radius of R GC ∼ 0.9 · (sin 2 i) pc. Assuming a nuclear accretion disk seen approximately edge-on (i ∼ 90
• ), the radius of the accretion disk in NGC 4051 would be almost ten times larger than the one found, for example, in NGC 4258 (0.1 pc). Such a large accretion disk in a Seyfert galaxy has, so far, only been directly measured in the Seyfert 1.9 galaxy NGC 1194, which has an inner and outer radius for the disk of 0.54 and 1.3 pc, respectively (Kuo et al. 2011 ). Alternatively, a possibly lower value for the inclination of the disk and/or for the black hole mass in NGC 4051 would result in a size of the disk more consistent with the one in NGC 4258. Follow-up VLBI observations have been requested aimed at shedding light on the aforementioned scenario. . Overlaid on the K-band contour map are the positions of the main centres of activity in the galaxy, namely the optical nucleus and the brightest radio knot detected by Middelberg et al. (2004) , in addition to the location of the maser emission derived in our VLA DnC and A-array maps. Within the uncertainties, all positions are coincident. Middelberg et al. (2004) proposed two main scenarios to describe their VLBI map: i) the strongest knot, B0, is a candidate location of the AGN core owing to its flat spectrum, compactness, and high brightness temperature (∼ 3.6 × 10 8 K); ii) the AGN might lie between B0 and B1, hence these two bright components are the "working surfaces" where double-sided jets from the AGN impact the interstellar medium (ISM). The region of emission north of B0 and component B2 could be low-surface-brightness emission seen extending from the hot spots to a larger scale. The flat radio spectrum of B0 is indicative of optically thick synchrotron emission, while "working surfaces", as in compact symmetric objects (CSOs), have steeper spectra, which are typical of optically thin synchrotron emission, therefore favouring B0 as being the core. In any case, our spectral line observations indicate a position for the maser that is consistent with either one of the nuclear components, hence an association of the maser emission with an accretion disk, a radio jet, or a nuclear outflow. Indications of a one-sided jet and an outflow are found for this galaxy (Xanthopoulos et al. 2010 , and references therein) and the blue-shifted velocities of the maser lines w.r.t. the systemic velocity may be more consistent with a jet or an outflow origin. Guainazzi et al. (2010) measured the inclination of the nuclear disk in NGC5506 to be i=40
• using the profile of the X-ray FeKα emission line. This measurement seems also consistent with the value of the nuclear column density (N H ∼ 3±1 × 10 22 cm −2 ) for this galaxy obtained by Bianchi et al. (2003) , which is in-between those typically found for Sy 1 and Sy 2 galaxies (N H ≤ 10 22 and N H ∼ 10 23 cm −2 , respectively; e.g. Malizia et al. 2009 ). Such an inclination for the disk in NGC 5506 would be less favourable for producing detectable (disk) maser emission (see also Sect. 4.1). Furthermore, if we also assume that such an inclination can still provide a long enough amplification path for maser action, we would obtain a probability (P(i)=cos(i)) of detecting water masers in AGN accretion disks of ∼ 77%
4 . This value is much higher than any detection rate obtained in AGN surveys. Under the same assumptions made before and in the (unlikely) case that in NLS1s we only have disk-masers, we can then derive the range of accretion disks inclinations allowed to account for the maser detection rate found in NLS1s of ∼ 7% (or ∼ 20% when considering only targets within 10000 km s −1 ; see Sect. 4.1). With these input parameters, the inclination of the nuclear disk favourable to producing maser action in NLS1s should not be less than 86
• (or 79%). All this seems to support the conclusion that the maser in NGC 5506 is not associated with an accretion disk, favouring instead an association with the radio jet or a nuclear outflow, or an atypical maser case.
Mrk 766
For Mrk 766, neither interferometric measurements of the maser emission nor a VLBI map of the nuclear radio continuum are available. From VLA A-array archival data, we have produced a radio continuum map at X-band of the nucleus of Mrk 766. The image shows a compact nuclear source of ∼ 5 mJy (Fig. 5) . We have been recently granted EVLA A-array time to observe the maser emission in Mrk 766. These measurements will allow us to compare the position of the maser with that of the nuclear radio continuum source(s), and thereby discriminate between a nuclear maser and a (less likely) maser associated with a star-forming region in the large-scale disk of the galaxy. We 4 This estimate is based on simple geometrical considerations, thus assumes that all AGN accretion disks host maser emission and ignores the many physical parameters on which the detection of masers depends. note an analysis of X-ray Multi-mirror Mission (XMM) timeresolved X-ray spectroscopic data, has found in Mrk 766 evidence of gas in a Keplerian orbit around a (super)massive black hole (Turner et al. 2006 ).
IGR J16385
For IGR J16385, only the 1.4 GHz radio continuum map from the National Radio Astronomy Observatory VLA Sky Survey (NVSS) at 1.4 GHz is available. The NVSS map shows a radio source of ∼ 10 mJy at the position of the optical peak of the galaxy. Expanded VLA (EVLA) B-array observations of the radio continuum (X-Band) and maser line (K-Band) in IGR J16385 have been requested and await evaluation.
IRAS 0345
This galaxy has not been well studied. The nuclear radio continuum has been imaged by Thean et al. (2000) at 8.4 GHz with the VLA A-array, showing a single, slightly resolved source with an integrated flux of 6.8 mJy (Thean et al. 2000 ; their Fig. 1 ). The galaxy was also part of the sample studied by Thompson et al. (2009) using Spitzer mid-infrared (MIR) spectroscopic data and their conclusion was that its observational characteristics are consistent with a nucleus obscured by a compact and clumpy toroidal structure of dust. Owing to the lack of radio interferometric measurements, however, the association of the maser emission with the AGN or the nuclear starburst present in this galaxy cannot yet be determined. Indeed, IR spectroscopic data of a sample of Seyfert galaxies that includes IRAS 0345 were analysed by Imanishi & Wada (2004) . Their work indicates that nuclear starbursts occurring in the dusty tori of Seyfert galaxies may be physically connected to the central AGN. This view is quite different from that of the classical unification paradigm, in which the dusty tori 'simply' hide the central AGN of Sy 2 galaxies and repro-cess AGN radiation as infrared dust emission in Seyfert galaxies.
While water masers are not typically detected in Sy 1 galaxies, our work demonstrates that they are detected in NLS1 galaxies, at a rate comparable to Sy 2's. Thus it is clear that the NLS1 class and the maser phenomenon are somehow associated. The details of this association are unclear. The next step to investigating the nature of masers in NLS1 galaxies would be to image the masers on parsec or sub-parsec scales with VLBI observations. The low black hole masses measured in NLS1 galaxies have suggested that NLS1s have accretion rates close to the maximum allowed values, causing their observed extreme behaviour (Marconi et al. 2008 , and references therein). Owing to their low black hole masses, these objects may represent an important link between AGN and the elusive intermediate-mass black holes (Komossa 2008) . Strong radiation-pressure outflows represents another possible explanation of the peculiar characteristics of NLS1 galaxies. In particular, estimates of black hole masses turn out to be severely underestimated when the effect of radiation pressure is neglected, thus making NLS1s more extreme than they actually are (e.g., Marconi et al. 2008) . Another possibility that may account for the NLS1 properties is that they may be viewed at angles intermediate between type 1 and type 2 Seyfert galaxies. Nuclear obscuration may thus play an important role in determining the observed properties of NLS1s.
Compared to the general AGN population, the five galaxies examined in our study have low black hole masses and high accretion rates 5 , consistent with their classification as NLSy1 galaxies (Table 2) . A direct association between the high detection rate of water masers in NLS1 and the two aforementioned peculiar quantities in this class of AGN cannot be presently assessed and requires a more complete approach. At this stage, it seems instead that there is a possible relation between the maser action and the presence of nuclear outflows detected in NLS1. As mentioned in Sect. 4.2, the water maser in Circinus, which has similar spectral properties to some maser spectra in our NLS1s, is associated with an outflow produced by the AGN activity (Greenhill et al. 2003) . The association of the maser emission in NLS1 with favourably orientated outflows may be corroborated by the blue-shifted velocities of the main maser features w.r.t. the systemic velocity of the galaxy in four out of five of our targets (see Table 2 and Sect. 4.2). As shown in Sect. 4.2 for the case of NGC 5506, it is instead more controversial, although not implausible, that the intermediate inclination of nuclear disks and tori proposed for NLS1s can be related to the production of water masers. However, the presence of nuclear optically thick gas and/or the partial covering of the nucleus, possibly related to the aforementioned disks/tori inclination, has been invoked to describe the X-ray characteristics of a number of NLS1s, including our target galaxies for NGC 5506, Turner et al. 2006 for Mrk 766, and Terashima et al. 2009 . Given the relation between nuclear obscuration and maser emission reported for relatively large samples of maser galaxies (hence, mostly type 2 Seyfert) by, e.g., Greenhill et al. (2008) , Zhang et al. (2010) , this could partly justify the relatively high maser detection rate in NLS1s, especially w.r.t. that in Sy 1. 5 These estimates, however, need to be interpreted with caution since they strongly depend on the method used and the precision to which the distance of the galaxy is known.
Summary
We have observed a sample of NLS1 galaxies with the GBT in a search for water maser emission at 22 GHz. We have also analysed GBT and VLA data and produced 22-GHz spectra for the five NLS1 galaxies hosting maser emission.
The main results are: i) an overall water maser detection rate in NLS1 galaxies of ∼ 7% for the full sample and a detection rate of ∼ 21% for a volume-limited (V<10000 km/s) sample, demonstrating a relation between NLS1s and water maser phenomenon; ii) a strong indication that water maser emission in NLS1s is associated with their nuclear outflows or radio jet.
Overall, this work shows the potential of water maser studies to unveil the innermost regions and investigate the main nuclear components of NLS1s in order to more clearly understand their peculiar characteristics, in particular, in the framework of the unified model. Table 2 . Single-dish water maser line characteristics. Line parameters have been derived for individual components through Gaussian fit procedures implemented in GBTIDL. Braatz et al. (in prep) . c LSR velocities of the galaxies observed for this work are taken from the NASA/IPAC Extragalactic Database (NED). For sources in past surveys we used LSR velocities from Braatz et al. (in prep) . d All observations were made with the GBT. e This is the 1σ rms of the spectrum measured for a 24 kHz (0.33 km s −1 ) channel, after Hanning smoothing. f Water maser luminosity thresholds have been calculated from the 3σ rms level by assuming a 1 km s −1 line width and a value for H 0 =75 km s −1 Mpc. Luminosities for the detected maser sources refer to the total integrated maser luminosity, as reported in Table 2 . * These galaxies were re-observed by ourselves, although they had previously been targeted by searches for water masers at slightly different coordinates and velocities w.r.t. ours (Mrk739E: RA(J2000)=11:36:29.1; Dec.(J2000)=+21:35:46; V sys =8956 km s −1 . Kaz320: RA(J2000)=22:59:32.9; Dec.(J2000)=+24:55:06; V sys =10350 km s −1 ).
